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Abstract 
                          Silver nanoparticles were synthesized using Tulsi leaves extract as reducing as well as a capping agent to reduce the 
steps and parameters involved in the synthesis. The morphology, stability and optical properties of Ag-nanoparticles 
depend on reactants and stabilizer, cetyltrimethylammonium bromide (CTAB) concentrations. The silver nanoparticles 
were characterized by UV-visible spectrophotometer, and transmission electron microscope (TEM). Spherical morphology 
of the silver nanoparticles with an average diameter of  25 nm. Morphology changed markedly from spherical aggregated 
to highly polydispersed in presence of CTAB. 
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1. Introduction 
Synthesis of noble metal nanoparticles has attracted immense attention for applications such as catalysis, electronics, 
optics, environmental, biosensors, biotechnology and in a  new generation by using greener reducing agents is an area of 
constant interest from last two decades [1-10]. The general philosophy to the synthesis of advance metal nanoparticles 
from its salt solution is based on using a reducing agent in presence of a suitable stabilizing-, and capping-agent [11-13]. 
Large number of stabilizers, namely , co-polymers, dendrimers, lipids,  polymers, surfactants, and starch have been used 
to obtain fine and stable noble metal particles obtained by  these methods [14,15]. Capping agents keep the nanoparticles 
away from agglomeration besides modifying their morphology as well. Especially, colloidal silver nanoparticles is of 
particular interest because of distinctive properties, such as good conductivity, chemical stability, catalytic and antibacterial 
activity [16-18]. Surfactants are amphiphilic molecules that create highly anisotropic interfacial regions lining the boundary 
formed by the highly polar aqueous and nonpolar hydrocarbon regions, imparting new chemical and physical properties to 
the system. Micelles, as well as other association colloids, can act as microreactors concentrating, separating, or diluting 
reactants, and thereby, they may have substantial effects on chemical reactivity [19]. Surfactants   role  in bulk solution 
and at interfaces is of great importance in surface chemistry. Surfactants properties have attracted growing attention for 
use in biological and chemical research applications. Because of their peculiar characteristics, various investigators used 
CTAB to synthesized  multi-branched and/or multi-pods (monopods, bipods, tripods, and tetrapods) metallic nanoparticles. 
It has been recognized that, for the anisotropic morphology of silver and gold nanoparticles,CTAB is required as a shape-
directing agent [20-22].  
 
                            Lee et al. [23] used the extract of unicellular green alga Chlorella vulgaris as reducing cum shape-directing agents and 
reported a biological to biomimetic chemical reduction method to the synthesis of single-crystalline gold and silver 
nanoplates. The alfalfa plants has been used for the formation of gold and silver nanoparticles by Jose-Yacaman and his 
co-workers for the first time [24]. Recently [25-27], we have reported the preparation of silver nanoparticles by using 
greener reducing and/or stabilizing agents in presence and absence of CTAB. It is believed that the use of biomolecules , 
especially green leaves and plants aqueous extract governed the morphology and plays an important role in the synthesis 
of advanced nanomaterials. This paper contributes first experimental evidence to the shape-directing and/or controlling 
role of [CTAB] and [Ag
+
] by using aqueous extract of Tulsi  leaves  extract at room temperature.  
2. Experimental and methods 
2.1. Materials  
   Silver nitrate (AgNO3) and cetyltrimethylammonium bromide were purchased from Merck India ( 99%) and used without 
further purification. Double distilled (first time from alkaline permanganate ), deionized and ultra pure water was used as 
solvent for all aqueous preparations. All glassware was washed by ultrasonication in a mixture of ultrapure water and non-
ionic detergent and dried prior to use. Ocimum  sanctum  leaves collect from the campus of our University, thoroughly 
washed with tape water followed distilled  water to remove dust particles and heated for 300 min with 250 cm
3
 distilled 
water
 
in a 500-cm
3
 Erlenmeyer flask.  The mixture was cooled and filtered with Whatman paper No. 1. Filtrate was 
collected, stored at room temperature and used for the reduction of AgNO3.  
2.2. Preparation of nanoparticles 
  A simple one step reaction of silver nitrate with leaves extract is used to prepare silver nanocolloid. In a typical 
experiment, required amount of leaf extract was added in a reaction mixture containing  AgNO3 +  H2O (for dilution) and 
AgNO3 +  CTAB + H2O. As the reduction of Ag
+ 
to Ag
0
 occurs, the reaction mixture turns light brown, indicating the 
formation of  silver nanoparticles  in absence and presence of CTAB [23, 25]. The color of solutions obtained with various 
[CTAB] is slightly different.  
2.3. Morphology determination 
                       UV-Vis Absorption spectrophotometer 
Absorption spectra of samples were recorded using UV-Vis spectrophotometer by VARIAN. 
Transmission Electron Microscopy (TEM) 
The morphology, dimensions of in situ synthesized silver nanoparticles in CTAB were studied using  Transmission 
electron microscope (TEM, CM 20,CX  Philips at 160kv) by putting a drop sample on a carbon coated copper grid. 
                    3. Results and Discussion               
3.1. Morphology without stabilizer 
The color of colloidal silver is due to a phenomenon known as surface plasmon resonance. In silver nanoparticles the 
conduction band and valence band lie very close to each other in which electrons move freely. These free electrons give 
rise to a surface plasmon resonance absorption (SRP) band occurring due to the collective oscillation of electrons of silver 
nanoparticles in resonance with the light wave. The UV-Vis  spectra of the silver nanoparticles prepared by using different 
[Ag
+
] (from 4.0 to 12.0 × 10
-4
 mol dm
-3 
at constant aqueous leaves extract are given in Fig. 1. The all spectra show a 
shoulder at 450 nm for a short reaction time. As the reaction time increases sharpness of SRP band increases. This 
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implies that [Ag
+
] has no significant effect on the nucleation and growth of silver nanoparticles. Only small concentrations 
of Ag+ ions are sufficient to the nucleation process. Once the reactive species generated which acts as the catalyst to the 
reduction of other metal ions [1, 11]. On the other hand, intensity of the band increases with time, indicating that the 
reaction time is an important parameter for the growth of silver nanoparticles. In order to see the role of leaves extract, a 
series of kinetic experiments were performed at fixed [Ag
+
] (12.0 × 10
-4
 mol dm
-3 
) with  leaves extract (5.0 cm
3
). Inspection 
of Fig. 2 clearly suggested that the intensity of SRP band decreased which might be due to the adsorption of leaves 
constituents onto the surface of silver nanoparticles. Visual observation showed that the color of silver nanoparticles 
changed from pale yellow, yellow, light-red to wine-red  with reaction time. The digital images to the formation of silver 
nanoparticles as a function of time are given in Fig. 3 indicating that the appearance of color strongly depends on the 
reaction time. 
     TEM studies of the silver nanoparticles revealed irregular morphology of the particles in the size range 10 nm to 25 nm 
(Fig. 4). Particles were  spherical as the  main product of silver nanocrystals with some truncated triangular nanoplates 
having mean diameter of 15 nm, indicating the reducing and shape directing role of the leaves constituents in the 
anisotropic growth of nanocrystals (Fig.4A). The nanoplates could be formed by the dissolution of the corner atoms of 
truncated triangular nanoplates.  
3.2. Morphology with stabilizer 
    It has been accepted that the CTAB acted as a shape-directing agent during the growth of multi-branched metal 
nanoparticles [1,]. Tha appearance and/or change of color strongly depends on the [CTAB]. Therefore, the effect of 
[CTAB] was studied at constant Ag
+
 and leaves extract concentrations and varying concentration of CTAB from 4.0 to 10.0 
× 10
-4
 mol dm
-3
. These results are summarized in Figs. 4 (B) and 5 as TEM images and absorbance-wavelength profiles 
as a function of time, respectively. Interestingly, initially different color observed but after some time, all reaction mixtures 
show the different color, which is due to the regular and uncontrolled aggregation. The change in the position of SRP band 
(red-shifting and broading), appearance of many bands (400, 475 and 600 nm; Fig. 5B) and a broad shoulder (Fig. 5C) 
with [CTAB] indicate that initially small nanoparticles grow to form larger particles having anisotropic morphology. In 
presence of CTAB, the resulting nanoparticles were poly-dispersed (Fig.4B). Some anisotropic nanostructures, such as 
nanotriangles or nanoparticles with irregular contours, could be observed in the TEM images. The coexistence of 
triangular and spherical particles indicate the presence of three absorbance at around 400, 475 and 600 nm, which are in 
good agreement with the spectroscopic data ( two  bands and a shoulder at  ca. 400 , 450 and 600 nm, respectively, might 
be due to the out-of-plane dipole- , transverse- and  longitudinal-resonance of small spherical, faceted, anisotropic 
nanoparticles and nanorods formation in the system [28, 29]).  Thus we may safely conclude that CTAB acts as a shape-
directing agent. The our observations and above explanations are in good agreement with results of various researches 
(Bakshi and his coworkers [30, 31], Mulvaney [32], Nikoobakht and El Sayed [12] ) to the shape-controlling role of normal 
and hydrophobic double tail Gemini surfactants. 
   In order to explain the actual role of CTAB, conductometric technique has been  used to determine the critical micellar 
concentration (CMC) values of CTAB solutions at different experimental conditions, i.e., CTAB only, CTAB + AgNO3, 
CTAB + leaves extract. The CMC values were determined from the reported method. The break point of nearly two 
straight-line portions in the plot is taken as an indication of micelle formation and this corresponds to the CMC of 
surfactant. The CMC values were found to be 9.9 × 10
-4
, 9.2 ×10
-4
,  and 8.9 × 10
-4
 mol dm
-3
 for water + CTAB, CTAB + 
AgNO3 (12.0 × 10
-4
 mol dm
-3
),  and CTAB + leaves extract (5.0 cm
3
) at room temperature.    Inspection of Fig.5 clearly 
indicated that the CTAB has significant effect on the nucleation and SRP band position and shape markedly suppressed 
with increasing [CTAB], suggesting the adsorption of Ag
0
 on to the head group the CTAB. As a result, nanoparticles of 
different morphologies thus formed at different CTAB concentrations . The CMC is lower than in water, suggesting that the 
active species of reactants and product adsorbed and/or associates with positive head group of CTAB aggregates not only 
electrostatically but also coulombically and van der Walls forces.  The observed  pre-micellar effects on the growth of 
nanoparticles can be brought in fact that the small aggregates of CTAB (dimers, trimers, tetramers, etc ) exit below the 
CMC. The distribution of surfactant (D1) between various states of aggregation is controlled by a series of dynamic 
association-dissociation equilibria: 
(3)
(1)
(2)
D1     +   D1
D1     +   D2 
Dn -1  +   D1
 D2
 D3
 Dn
 
The pre-micellar role of CTAB can be sought in the fact that small aggregates of the CTAB exist below the CMC,  these 
submicellar aggregates would interact physically with the Ag
0
 . The interaction and or adsorption of CTAB and growing 
metal particles play a significant role in this type of growth. At higher [CTAB], itt is interesting to note that there is a broad 
shoulder begins to develops in the whole visible region instead of a peak (Figs. 5C). The shape of the spectra entirely 
changed at higher [CTAB]. This is due to the incorporation and/or association of leaves constituents into the Stern layer of 
CTAB micelles. Possibility of Ag
+
 ions incorporation in the micellar pseudo-phase cannot be ruled out because Stern layer 
are water rich. The observed aggregated and ordered morphologies with clear shapes suggests that the growth process of 
a nucleating center is fully controlled by an effective blocking of the fcc crystal planes by biomolecules [33, 34]. 
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 Conclusions 
The in situ reduction of silver ions with leaves extract with and/or without CTAB has been reported. Our study clearly 
demonstrates that CTAB concentration plays a major role in determining the dimensions as well as the stability of the 
silver colloidal solution.  The morphology are not only depends on the [CTAB], but also on the time. Pre- and post- 
micellization also plays an important role in the preparation of different colored silver sols. Our results suggest that the 
preparation of advanced nanomaterials having a range of optical properties might be achievable through careful control 
over the concentration of the stabilizer in solution. 
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Figure captions 
Fig.1. Effects of [Ag
+
] on the shape and position of silver nanoparticles spectra prepared by the reduction of Ag
+
 ions (4.0 
(A), 8.0 (B) and 12.0 × 10
-4
 mol dm
-3 
(C)) with  leaves extract (10.0 cm
3
). 
Fig.2. Effects of [extract] on the shape and position of silver nanoparticles spectra prepared by the reduction of Ag
+
 ions 
(12.0 × 10
-4
 mol dm
-3 
) with  leaves extract (15.0 cm
3
).  
Fig.3. Photographs showing the effect of time on the variation of color to the formation of silver nanoparticles by the 
reduction of Ag
+
 ions (12.0 × 10
-4
 mol dm
-3 
) with leaves extract (10.0 cm
3
).  
Fig. 4. TEM images of silver nanoparticles formation by the reduction of Ag
+
 ions (12.0 × 10
-4
 mol dm
-3 
) with leaves 
extract (10.0 cm
3
) in absence (A) and presence of (B) of CTAB ( 10.0  × 10
-4
 mol dm
-3 
). 
Fig.5. Effects of [CTAB] on the shape and position of silver nanoparticles spectra prepared by the reduction of Ag
+
 ions ( 
12.0 × 10
-4
 mol dm
-3
) with leaves extract (10.0 cm
3
) in presence of CTAB (from 6.0 (A), 8.0 (B) and 10.0 × 10
-4
 mol dm
-3 
(C)). 
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Fig. 2 
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                                                       Fig.5 
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